Donepezil is one of the cholinesterase inhibitors that are indicated for the treatment of mild to moderate Alzheimer's disease (AD). Pharmacokinetic analysis has shown that donepezil is primarily eliminated by renal excretion rather than biliary excretion in humans. Therefore, patients with impaired renal function are at high risk of toxicity caused by accumulation of this drug. It is also well known that dialysis patients have very often cholinergic disorders. On the other hand, with the increasing number of long-term chronic dialysis patients, the prevalence of cognitive disorders is increasing in elderly dialysis patients. Because of the above-mentioned special risks of these patients, acetylcholinesterase inhibitors, such as donepezil, are avoided to be prescribed for them. We studied 5 cases of chronic hemodialysis outpatients (3 men [70, 72, and 86 years old] and 2 women [65 and 71 years old]) who were diagnosed as having moderate AD. We administered donepezil at 2.5 mg/day orally to the patients. After 1 month's treatment, their behavioral symptoms were improved, without them having any adverse events. We enhanced the dose to 5 mg/day without the patients experiencing any episodes of drug toxicity. After 3 months of treatment with the higher dose, their cognitive and executive functions were slightly improved and their behavioral disorders were remarkably milder, with-
Introduction
Donepezil hydrochloride is one of the cholinesterase inhibitors that has been approved for the treatment of mild to moderate Alzheimer's disease (AD) [1] . In general, donepezil is well tolerated. The most frequent adverse events are mild, transient gastrointestinal complaints [1, 2] .
The pharmacokinetic profile of donepezil in healthy volunteers is characterized by slow clearance and a long half-life (approximately 70 h). The long plasma half-life provides stable plasma drug concentrations with once-a-day dosage. Donepezil is metabolized in the liver by the P-450 isoenzyme CYP-3A4 and to a lesser extent by 2D6. The drug is primary eliminated by renal excretion (80% of the administered dose -both as intact drug as well as several metabolites, most of which have been identified) rather than biliary excretion (the remaining 20%) in humans [3, 4] . Therefore, patients with impaired renal function are at high risk of toxicity caused by accumulation of this drug. It is also well known that dialysis patients suffer very often from cholinergic disorders. On the other hand, with the increasing number of longterm chronic dialysis patients, the prevalence of cognitive disorders is increasing in this population. Mental impairment in them is associated with increased staff time, hospital days, caregivers burden, health care expenses, and negative impact on patients' quality of life. Furthermore, recent studies showed that older patients on hemodialysis are at substantial risk of being diagnosed with AD, and carrying these diagnoses is associated with a twofold higher mortality [5] .
Because of the above-mentioned special risks, acetylcholinesterase inhibitors, such as donepezil, are avoided in patients with severe renal failure. To our knowledge there are only two studies that evaluated the pharmacokinetics of donepezil in patients with impaired renal function [3, 6] . Their findings suggest that the pharmacokinetics of donepezil does not change in patients with moderately to severely impaired renal function. There is also only one case report with successful donepezil treatment in a chronic dialysis patient [7] .
We report 5 cases of chronic hemodialysis patients with moderate AD who were treated with donepezil.
Case Series
Our case series study aimed to investigate whether there is a safe dose of donepezil to be administered in chronic dialysis patients with AD.
We studied 5 chronic hemodialysis outpatients (3 men [70, 72, and 86 years old] and 2 women [65 and 71 years old]) who were diagnosed as having moderate AD (DSM-IV) [8] . The study subjects underwent a baseline clinical, laboratory, and imaging assessment and a neuropsychological evaluation. The neuropsychological evaluation was repeated every month for the first 6 months. Afterwards they were reevaluated every year for 10 years in total. In the neuropsychological evaluation the Mini-Mental State Examination (MMSE) [9] , the Geriatric Depression Scale (GDS) [10] , the Neuropsychiatric Inventory (NPI) [11] , and the Instrumental Activities of Daily Living (IADL) [12] scale were applied (Fig. 1, 2, 3, 4, 5) . All of the applied neuropsychological instruments are validated in Greek patients with AD [9] [10] [11] [12] . Taking into consideration that retest effects are apparent in people with dementia despite reduced episodic memory, we used different testing contexts for the monthly administrated MMSE (different words for recalling, objects for naming, and constructional praxis exercises). As a consequence, we did not notice any improvement due to the learning effect of repetition. The only factor that may supported improved results was the lower level of anxiety because of the familiarity of the patients with the whole procedure [13] . Furthermore, Verbal Fluency Tests, Clock Drawing Test, and Trail Making Test Form B were administered every 6 months for the first 5 years and once a year afterwards in order to assess the executive functions in our patients [14, 15] .
We began donepezil administration with the lower dose of 2.5 mg/day orally and enhanced the dose to 5 mg/day 1 month later. Suwata et al. [7] reported that whenever dialysis was starting 1 h after the administration of donepezil, an extraordinary elevation appeared in the plasma concentration time curve of donepezil, a fact that was not observed if donepezil was administered at least 5 h before the dialysis session. Taking into consideration these findings, we followed the same technique keeping, a 5-h interval between donepezil administration and dialysis session.
Unfortunately, in our hospital where the study patients were followed and hemodialyzed, any method of monitoring plasma levels of donepezil or its three metabolites [7] was unavailable. We were reluctant to ask our physically and economically fragile patients for a repetitional measurement in a private laboratory, especially since we noted no clinical sign of elevated levels of the drug, such as bradycardia, diarrhea, or confusion.
After the first month of treatment all patients' behavioral symptoms were diminished while no adverse events were remarked. After 3 months of treatment with the higher dose, their cognitive functions were slightly improved and their behavior was remarkably improved, without them experiencing any episodes of drug toxicity. The patients' initial improvement remained stable for 6 months after the first administration of the drug and almost stable for the first year. All of them were followed for the 10 following years, showing a mild cognitive decline per year for the first 5 years and more severe decline for the remaining years of the follow-up. The same pattern was prominent for their executive functions. Nevertheless, it was remarkable for all the patients that their behavioral symptoms showed some fluctuations over the years, but none of them significantly deteriorated in the behavioral section of the disease for the total treatment period.
All of our patients were of Caucasian origin, of the highest educational level, with mild comorbidities, and with excellent family support.
Case 1
In a 70-year-old male with a known history of hypertension and on hemodialysis for 3 years prior to neurologic evaluation, a delirium syndrome occurred during his hospitalization for an infection. One month after the resolution of delirium and clinical evidence of infection he was fully evaluated for cognition and behavior. His family stated that his gradual cognitive decline had started 3 years earlier while his behavior had become aggressive 6 months earlier with prominent sleep disturbance, hallucinations during the night, and apathy. He scored 15 in MMSE, 10 in GDS, 42 in NPI, and 3 in IADL. Brain magnetic resonance imaging (MRI) demonstrated notable medial temporal lobe atrophy of grade 2 by the medial temporal lobe atrophy visual rating scale and global cerebral atrophy of grade 2 by the cortical atrophy scale [16, 17] . A dose of 2.5 mg of donepezil was prescribed and was increased up to 5 mg 1 month later. His cognitive function slightly improved initially and remained plateaued for 5 consecutive years, declining gradually afterwards. His behavior remained disturbed, but with much less aggressiveness and sleep disturbance.
Case 2
A 72-year-old man with a medical history significant for type II diabetes and hypertension and on hemodialysis for 3 years prior to his first neurologic evaluation visited the outpatient memory clinic with complaints of gradual cognitive decline which had started 3 years earlier.
He was frustrated by his worsening forgetfulness and his disorientation to time and people. His family also described an obvious depressive symptomatology and an increasing difficulty to maintain hygiene for the previous year. Furthermore, he was often talking to himself or to imaginary others. He scored 14 in MMSE, 11 in GDS, 47 in NPI, and 3 in IADL. He underwent an MRI of the brain which revealed a reduced volume of hippocampi grade 2 on Scheltens et al.'s [16, 17] scale and bilateral median and posterior parietal lobe atrophy of the same grade. After confirmation of a diagnosis of AD, he received donepezil 2.5 mg initially and 5 mg 1 month later and citalopram 10 mg. His behavior improved rapidly while his cognitive functions followed a more gradual improvement during the first year of follow-up. Afterwards he had a slow deterioration year after year.
Case 3
A 86-year-old man with a medical history significant for hypertension and on hemodialysis for 2 years prior to his first neurologic evaluation visited the outpatient memory clinic with complaints of sleep disturbance and gradual memory decline which had started 4 years earlier. His family was concerned about his increasing aggressiveness and his depressive mood during the previous 3 months. He scored 18 in MMSE, 14 in GDS, 40 in NPI, and 4 in IADL. Brain MRI demonstrated significant medial temporal lobe atrophy of grade 2, global cerebral atrophy of grade 2, and a reduced volume of hippocampi grade 1 [16, 17] . Doses of 2.5 mg of donepezil and 10 mg of citalopram were prescribed and they were increased up to 5 and 10 mg responsively within 1 month. His cognitive function slightly improved initially and remained plateaued for 5 consecutive years, declining gradually afterwards. His behavior remained disturbed but with much less aggressiveness and sleep disorders.
Case 4
A 71-year-old female patient visited the outpatient memory clinic with complaints of gradual cognitive decline which had started 4 years earlier. Her medical history was significant for type II diabetes and hypertension and she had started hemodialysis 3 year earlier.
The aggravation in recent memory impairments was more obvious while also apraxia and depression had started 4 months before her visit to our clinic. She mentioned a positive family history of late-onset dementia. She scored 16 in MMSE, 12 in GDS, 23 in NPI, and 7 in IADL. Brain MRI demonstrated significant medial temporal lobe and anterior parietal lobe atrophy of grade 2 and a reduced volume of hippocampi grade 2 [16, 17] . ApoE genotyping revealed that she carried one copy of the ε4 allele [18] . Doses of 2.5 mg of donepezil and 10 mg of citalopram were prescribed and they were increased up to 5 and 20 mg responsively within 1 month. Her cognitive function remained plateaued for 6 consecutive years, declining gradually afterwards. Her depressive symptoms rapidly improved and remained mild.
Case 5
A 65-year-old female patient was admitted to the nephrology department due to fever and confusion. She had been on hemodialysis for the 2 previous years and she had previously been diagnosed with polyarteritis nodosum. She remained in confusion even after resolution of fever, so a neurologic evaluation was asked for by her nephrologists. The patient was usually lethargic and disoriented to time, space, and persons, with no focal neurologic signs or neck stiffness. Her brain MRI demonstrated significant medial temporal lobe atrophy, global cerebral atrophy, and a reduced volume of hippocampi grade 2 [16, 17] . Her family was frustrated by her worsening forgetfulness and depression over the previous 3 years while the patient was avoiding any neurologic evaluation. They also mentioned a strong positive family history of late-onset dementia. A lumbar puncture was performed which revealed normal levels of cells, protein and glucose, but also demonstrated cerebrospinal fluid (CSF) biomarkers indicative of AD: CSF Aβ1-42 (marker for Aβ deposition) 427 pg/mL, T-tau (total tau protein) 480 pg/mL, and P-tau181 (phosphorylated tau at threonine 181) 71 pg/mL [19] . ApoE genotyping revealed that she carried two copies of the ε4 allele [18] . Her confusion resolved when she returned home. One month later a neuropsychological evaluation was performed. She scored 16 in MMSE, 15 in GDS, 23 in NPI, and 6 in IADL. Doses of 2.5 mg of donepezil and 10 mg of citalopram were prescribed and were increased up to 5 and 20 mg responsively within 1 month. Her cognitive function significantly improved and remained plateaued for 4 consecutive years, but declined steadily afterwards. Her depressive symptoms slightly improved and remained stable.
Discussion
Our dialysis patients were diagnosed with moderate AD with an initial MMSE score of 14-18/30. Their cognitive decline started almost simultaneously with their hemodialysis treatment (3-4 years before their first neurologic evaluation) and was accelerated probably because of this stressful event and the concomitant depression due to the sudden lowering of their quality of life. According to recent studies, depression is highly prevalent among hemodialysis patients [20] , and additionally it can be prodromal to a component of AD or a trigger for incipient AD [21, 22] . Furthermore, we suppose that depression and accompanying denial of any further medical help was the main reason for the delay of neurologic evaluation in these patients.
Nevertheless, the initial MMSE score was slightly improved (1-3 points for each patient) after 3 months with donepezil 5 mg/day and remained stable for 3 additional months. Their executive functions showed a similar slight improvement, and their behavioral and emotional scores were even more improved. We also remarked that the burden on their family and clinical staff was significantly reduced. They were mildly declined until the 5th year of treatment, when a more rapid cognitive deterioration started to occur. Overall, they remained practically intact in their behavioral status.
It is true that the overall 10-year performance of our dementia patients on dialysis was unexpectedly favorable and beyond our best prognosis. We believe that the highly selective sample of our patients, which was characterized by the presence of many protective factors for survival, was the main reason for the longevity in this group. Reports on survival after a diagnosis of AD vary from 3 to 12 years in general [23, 24] . Patients with onset of illness before 75 years have a longer life expectancy [24] , as do patients who receive donepezil [25] , people with at least a college degree [26] , and those living with family [27] . All of our patients fulfilled the majority of these premises.
It is also interesting and unexpected that all of our patients followed a "slow" progression pattern in their cognitive decline, as indicated by a decrease in the MMSE score of ≤1 point per year [28] . According to Canevelli et al. [28] , slow progression of cognitive decline is the most common pattern among AD patients, with a prevalence of 52%. On the contrary, in a recent study by Stanley et al. [29] , the rate of cognitive decline was measured between 1.4 to 2.8 MMSE points per year. We suggest that in our group of patients the high cognitive reserve protected them from an increased rate of cognitive decline [30] .
Concerning the issue of survival in our patients as end-stage renal failure patients, we suggest that they followed the global trend of increase in life expectancy that has been observed among patients treated with hemodialysis [31] , and also the decline in overall hospitalization rates in these patients [31] and consequently a more stabilized overall outcome. Their special protective factor against mortality in hemodialysis patients is the absence of severe cardiovascular disease in all of them [32] .
A 2.5 mg once-daily dose administered 5 h before dialysis produced no episodes of drug toxicity or adverse events in our patients. We enhanced the dose to 5 mg/day 1 month later and remarked again the same tolerability.
It is known that donepezil is well absorbed, reaching peak plasma concentrations within 4 h [6] . A 5-h interval following donepezil administration might be beneficial to dialysis patients [7] . The results of 5 mg single-dose trials in patients with impaired renal function compared with patients from a healthy control group indicated no difference in pharmacokinetics of donepezil [32] . Previous findings and our clinical observations suggest that donepezil pharmacokinetics may be unaffected in patients with impaired renal function. On the other hand, we should not forget the primarily renal excretion of the drug and the vulnerability of dialysis patients in cholinergic disorders. Caution in prescribing these drugs in dialysis patients is mandatory.
We recognize that the small number of our patients and the lack of controls are the major limitations of our study. On the other hand, any study not directly relevant to renal function in this particularly vulnerable population of hemodialysis patients is not welcomed by the patients, their relatives, and their nephrologists. We suppose that this is the reason for the nonexistence of any previous studies in this population on donepezil or any other drug for dementia with or without controls, apart from a few case reports. Overall, our cases indicate that donepezil treatment under prudent use may be well tolerated and finally can offer a beneficial impact on chronic hemodialysis patients with AD.
As renal function declines with increasing age and life-sustaining dialysis treatment becomes more often inevitable in the elderly, and as AD primarily affects also them, we believe that the issue deserves further extended studies. Our cases support the possibility of a better quality of life for chronic dialysis patients and their caregivers. Furthermore, recent studies have shown that older patients on hemodialysis are at substantial risk of diagnosis with AD, and carrying these diagnoses is associated with a twofold higher mortality [5] . Consequently, slowing the progression of cognitive decline in these patients might be also life-saving for them. 
